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Abstract 
 We report accurate, calculated electronic, transport, and bulk properties of zinc blende gallium 
arsenide (GaAs).    Our ab-initio, non-relativistic, self-consistent calculations employed a local 
density approximation (LDA) potential and the linear combination of atomic orbital (LCAO) 
formalism. We strictly followed the Bagayoko, Zhao, and William (BZW) method, as enhanced 
by Ekuma and Franklin (BZW-EF). Our calculated, direct band gap of 1.429 eV, at an 
experimental lattice constant of 5.65325 Å, is in excellent agreement with the experimental 
values. The calculated, total density of states data reproduced several experimentally determined 
peaks. We have predicted an equilibrium lattice constant, a bulk modulus, and a low temperature 
band gap of 5.632 Å, 75.49 GPa, and 1.520 eV, respectively. The latter two are in excellent 
agreement with corresponding, experimental values of 75.5 GPa (74.7 GPa) and 1.519 eV, 
respectively.  This work underscores the capability of the local density approximation (LDA) to 
describe and to predict accurately properties of semiconductors, provided the calculations adhere 
to the conditions of validity of DFT.
16
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I. Introduction 
Gallium arsenide is an important electronic and opto-electronic material.
1
 It is a prototypical 
binary semiconductor. It has  a high electron mobility and a small dielectric constant; GaAs is 
extensively utilized in  high temperature resistance, ultrahigh frequency, low-power devices and 
circuits.
2
 Gallium arsenide crystallizes in zinc-blende structure; many experiments and 
theoretical works established that it has a direct band gap. Several experimental reports dealt 
with the room temperature band gap of the material. Room temperature band gaps as small as  
1.2 eV
3
  and as high as to 1.7 eV
4
 have been reported.  Dong et al.
4
 attributed the significant 
difference between these two values  to a tip-induced band bending in the semiconductor. 
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Recent, experimental values of the room temperature band gap of GaAs are 1.42 eV
5
, 1.425 eV
6
 
and 1.43 eV.
7
 The accepted value of the room temperature band gap is 1.42 eV
5
 to 1.43 eV
7
; 
These value are in basic agreement with 1.425 eV and 1.430 eV. In the bottom rows of Table I, 
we show over 10 different measurements of the band gap of GaAs. As per the content of this 
table, the consensus experimental band gap, at low temperature, is 1.519 eV.
8-10
   
Numerous theoretical results have been reported for the band gap of GaAs. Our focus on the 
band gap stems from its importance in describing several other properties of semiconductors 
[AIP Advances]; in particular, a wrong bang gap precludes agreements between peaks in the 
calculated densities of states, dielectric functions, and optical transition energies with their 
experimental counterparts. In contrast to the consensus reached for the room and low 
temperature experimental gaps for GaAs, the picture for theoretical results is far from being 
satisfactory. Indeed, numerous theoretical values of the band gaps, obtained from ab-initio 
calculations, disagree with each other and disagree with experiment. Table I contains over 28 
band gaps calculated with a local density approximation (LDA) potential. Some 16 of these 
results, from ab-initio calculations, range from 0.09 eV
11, 12
 to 0.98 eV.
13
  
Other results obtained with LDA potentials, as shown in Table I, are either underestimates or 
overestimates of the band gap of GaAs, except for some three that require some comments. The 
linear muffin tin orbital (LMTO) calculation that obtained a gap of 1.46 eV
14
 employed an 
additional potential besides the standard LDA.  The ab-initio LDA calculation that obtained a 
band gap of 1.54 eV
l5
 employed a lattice constant of 5.45 Å, a value that is 3% smaller than the 
low temperature value in Table I.  As explained elsewhere,
16
 the Tran and Blaha  modified 
Becky and Johnson potential (TB-mBJ)
17
 is not entirely a density functional one – given that it 
cannot be obtained from the functional derivative of an exchange correlation energy 
functional.
16,18
  So, while two calculations with this potential led to gaps of 1.46 eV
19
 and 1.56 
eV,
20
 in general agreement with experiment, these values do not resolve the woeful 
underestimation by most of the LDA and GGA calculations in Table I.   
As shown in Table I, 12 calculations employing a generalized gradient approximation (GGA) 
found band gap values varying from 0.206 eV
19
 to 1.03 eV.
21
  Only one GGA calculation found a 
gap of 1.419 eV,
22
 in basic agreement with the above accepted, experimental gaps of 1.42 eV – 
1.43 eV and 1.519 eV for room and low temperatures, respectively. The calculation that utilized 
a meta-GGA potential found a gap of 1.276 eV,
19
 smaller than the experimental one.  
The Green function and dressed Coulomb (GW) approximation calculations led to mixed results. 
The non-self-consistent G0W0 calculation obtained a gap of 1.51 eV,
23
 in agreement with the low 
temperature experimental value of 1.519 eV, while the self-consistent GW calculation produced 
1.133 eV,
24
 well below the low temperature value. Several other theoretical results are reported 
in Table I. Some utilized a hybrid functional potential,
23
 while others employed the modified 
Becke and Johnson (mBJ) potential.
16
 These potentials are different from the standard, ab-initio 
LDA or GGA potentials due to the utilization of one or more parameters in their construction. 
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The results of calculations employing these potentials vary with those parameters. For this 
reason, these results, while very useful, do not resolve the fundamental question of the serious 
band gap underestimation. With the use of several fitting parameters, the three empirical pseudo 
potential calculations, shown in Table I, understandably led to the correct, low temperature 
experimental band gap of GaAs.   
The above overview of the literature points to the need for our work. Indeed, numerous 
calculated values of the band gap disagree with corresponding, experimental ones. The 
disagreement between sets of calculated band gaps, as evident above and in Table I, adds to our 
motivation for this work. At the onset, we have to answer the question as to the reason our LDA 
calculations can be expected to lead to an accurate description of electronic and related 
properties of GaAs. Past, accurate descriptions
16
 and predictions
16
 of properties of 
semiconductors, using the distinctive feature our calculations, portend the same for GaAs. This 
distinctive feature, the Bagayoko, Zhao, and Williams (BZW) method, as enhanced by Ekuma 
and Franklin (BZW-EF), strictly adheres to conditions of validity of DFT or LDA potentials, as 
elucidated by Bagayoko.
16
   
 
We are aware of some explanations of the failures of many previous calculations to lead to 
correct values of the band gaps of semiconductors or insulators. Prominent among them are the 
self- interaction (SI)
25
 and the derivative discontinuity
26-28 
of the exchange correlation energy. 
Bagayoko,
16
 using strictly DFT theorems and the Rayleigh theorem for eigenvalues, 
demonstrated that self-consistent calculations that do not adhere to well-defined, intrinsic 
features of DFT cannot claim to produce eigvenvalues and other quantities that possess the full, 
physical content of DFT. Hence, disagreements between their results and experiment may arise 
mostly from the fact that their findings do not fully possess the physical content of DFT. Our 
perusal of the articles that reported the results in Table I did not lead to any publication that 
adhered totally to these features of DFT. Specifically, we could not find any calculation that 
methodically searched for and attained the absolute minima of the occupied energies, using 
increasingly larger and embedded basis sets.
16
 The point here is that popular explanations of 
band gap underestimation by DFT calculations notwithstanding, our distinctive computational 
method is likely to describe GaAs accurately.  
 
The rest of this paper is organized as follows. This section, devoted to the introduction, is 
followed by a description of our computational method, in Section II. We subsequently present 
our results in Section III and discuss them in Section IV. Section V provides a short conclusion.  
 
 Table I. Calculated, fundamental bang gaps (Eg, in eV) of zinc blend GaAs, along with 
pertinent lattice constants in Angstroms, and experimental values. 
 
Computational Formalism  Potentials (DFT and others) a(Å) Eg(eV) 
LMTO 
  
LDA (fully relativistic local density)   0.25
a
 
LDA+Vw(with extra potentials)   1.46
a
 
LCGO LD 5.654 1.21
b
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LAPW LDA 5.653 0.28
c
 
PAW LDA   0.330
d
 
FP -LAPW LDA 5.6079 0.463
e
 
  LDA   0.28
f
 
Self-consistent DFT 
  
  
  
  
  
  
LDA-SZ 5.68 0.61
g
 
LDA-SZ-O 5.66 0.78
g
 
LDA-SZP-O 5.60 0.98
g
 
LDA-DZ 5.64 0.66
g
 
LDA-DZP 5.60 0.82
g
 
LDA-PW 5.55 1.08
h
 
LDA-PW 5.55 0.7
i
 
First-principal total-energy 
calculations 
LDA   1.17
j
 
First-principal total-energy 
calculations 
LDA   1.23
k
 
Plane-wave pseudopotential LDA 5.45 1.54
l
 
Plane-wave pseudopotential LDA 5.654 1.04
m
 
FP-LAPW 
UPP (CASTEP) 
LDA  1.613
n 
LDA-mBJ  1.46
n 
LDA-sX  1.639
n 
FP-LAPW NCP (SIESTA) LDA  0.54755
n 
 LDA  0.23
o 
LDA  0.18
p 
LDA  0.09
q 
LDA  0.32
r 
GGA  0.51
f
 
GGA-EV  1.03
f
 
GGA-EV  0.97
s 
GGA  0.49
 r
 
FP-LAPW 
UPP (CASTEP) 
GGA-PBE  0.329
 n
 
GGA-WC  0.206
 n
 
GGA-PBE  0.52317
 n 
FP-LAPW NCP (SIESTA) Meta-GGA  1.27637
n 
Ab initio pseudopotential GGA 5.653 1.419
t
 
All electron atomic orbit GGA   0.82
u
 
PAW GGA 5.734 0.674
v
 
PAW GGA-PBE 5.648 0.43
w
 
FP -LAPW 
  
  
  
  
GGA-WC 5.6654 0.341
e
 
GGA-EV   0.968
e
 
mBJ-LDA   1.560
e
 
mBJ-LDA   1.64
x
 
  HSE06   1.33
w
 
  G0W0   1.51
w
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Plane wave and 
pseudopotential 
GW   1.133
d
 
SX   1.289
d
 
Ab initio pseudopotentials   5.52 0.4
y
 
LUC-INDO  5.6542 1.91
 z
 
EPM     1.527
 α
 
EPM Non local pseudopotential   1.51
 β
 
EPM Non local pseudopotential 5.65 1.51
 γ
 
Experiments 
 
Experimental 
  
  
  
  
  
  
  
  
  
  
  
Absorption spectra measurements    1.519
 δ 
at low T 
Photoluminescence measurements  
  
  
  
1.519
 ε
,  low T 
1.43
 ζ 
at 300 K 
Magnetoluminescence measurements    5.65325 1.5192
 η
, low T  
Transmission measurements    1.42
 θ
 at 300 K 
Raman measurements  
  
  
  
1.519
 ι  
at low T 
1.425
 ι 
, 300 K  
Scanning tunneling  microscopy and 
spectroscopy measurements 
  
  
  
  
1.7
 κ 
at 300 K 
1.2
 λ
 at 300 K  
1.42
 μ 
at 300K 
Photocapacitance measurements   1.5
 ν
 at 77 K  
 
a
Ref[14], 
b
Ref[29],
 c
Ref[30],
 d
Ref[24], 
e
Ref[20], 
f
Ref[21],
 g
Ref[13], 
h
Ref[31],
 i
Ref[32], 
j
Ref[33], 
k
Ref[34], 
l
Ref[15], 
m
Ref[35], 
n
Ref[19], 
o
Ref[36, 37],
 p
Ref[38, 39], 
q
Ref[11, 12],
 r
Ref [40, 41] , 
s
Ref[42], 
t
Ref[22],  
u
Ref[43], 
v
Ref[2], 
w
Ref[23], 
x
Ref[44], 
y 
Ref[45], 
z
Ref[46], 
α
Ref[47],
 β
Ref[48], 
γ
Ref[49], 
δ
Ref[8], 
ε
Ref[9], 
ζ
Ref[7], 
η
Ref[10], 
θ
Ref[50], 
ι
Ref[6],
 κ
Ref[4], 
λ
Ref[3],
 μ
Ref[5], 
ν
Ref[51]. 
II. Computational Approach and the BZW-EF Method 
 Our calculations are similar to most of the previous ones discussed in Table I, as far as the 
choice of the potential and the use of the linear combination of atomic orbitals (LCAO) are 
concerned. We used the local density approximation (LDA) potential of Ceperley and Alder
52
 as 
parameterized by Vosko, Wilk and Nusair.
53
 We employed Gaussian functions in the radial parts 
of the atomic orbitals, resulting in the linear combination of Gaussian orbitals (LCGO). The 
distinctive feature of our calculations, as compared to the ones discussed above, stems from our 
implementation of the LCGO formalism following the Bagayoko, Zhao, and Williams (BZW) 
method, as enhanced by Ekuma and Franklin (BZW-EF).
16, 54-55
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The method searches for the absolute minima of the occupied energies, using successively 
augmented basis sets, and avoids the destruction of the physical content of the low, unoccupied 
energies – once the referenced minima are attained. Typically, the implementation starts with a 
self-consistent calculation that employs a small basis set; this basis set is not to be smaller than 
the minimum basis set, the one that can just account for all the electrons in the system. A second 
calculation follows, with a basis set consisting of the previous one plus one additional orbital. 
The dimension of the Hamiltonian matrix is consequently increased by 2, 6, 10, or 14 for s, p, d, 
and f orbitals, respectively. Upon the attainment of self-consistency, the occupied energies of 
Calculation II are compared to those of I, graphically and numerically. In general, upon setting 
the Fermi level to zero, some occupied energies from Calculation II are found to be lower than 
corresponding ones from Calculation I. This process of augmenting the basis set and of 
comparing the occupied energies of a calculation to those of the one immediately preceding it 
continues until three consecutive calculations lead to the same occupied energies. This criterion 
is a clear indication of the attainment of the absolute minima of the occupied energies.  The first 
of these three calculations, with the smallest basis set, is the one that provides the DFT 
description of the material. The basis set for this calculation is the optimal basis set.  
While the second of these calculations generally leads to the same occupied and low, unoccupied 
energies up to 6-10 eV, depending on the material, the third of these calculations often lowers 
some low, unoccupied energies from their values obtained with the optimal basis set. We should 
note that the referenced three calculations lead to the same electronic charge density. As 
explained by Bagayoko,
16
 the energy functional derived from the Hamiltonian is a unique 
functional of the ground state charge density. Hence, the occupied and unoccupied energies of 
the spectrum of this Hamiltonian, with the physical content of DFT, cannot change upon an 
increase of the basis set. Consequently, the unoccupied energies obtained with basis sets much 
larger than the optimal basis set, and that contain this set, do not represent DFT solutions if they 
differ from their corresponding values obtained with the optimal basis set.  
Bagayoko
16
 explained the unphysical nature of unoccupied energies, lowered from their values 
obtained with the optimal basis set, in terms of mathematical artifacts stemming from the 
Rayleigh theorem for eigenvalues. Upon the attainment of the absolute minima of the occupied 
energies, the above extra lowering of some unoccupied energies, with increasing basis sets, is not 
only a possible explanation of the underestimation of band gaps by calculations that do not 
search and find the optimal basis set, but also of discrepancies between several calculations that 
utilize the same potential and computational formalism as shown in Table I.  
The following computational details are intended to facilitate the replication of our work. GaAs 
is III-V semiconductor, with the zinc blende crystal structure in normal conditions of temperature 
and pressure.  We used the experimental, room temperature lattice constant of 5.65325 Å.
56
 Ab-
initio calculations of the electronic structures of Ga
+1
    and As
-1
 produced atomic orbitals 
employed in the solid state calculation. We utilized even-tempered Gaussian exponents, with 
0.28 as the minimum and 0.55 x 10
5
 as the maximum, in atomic unit, for Ga
+ 1
. We used 18 
 
 
7 
 
Gaussian functions for s and p orbitals and 16 for the d orbitals. Similarly, the Gaussian 
exponents for describing As
-1
 were from 0.2404 to 0.349 x 10
5
. A mesh size of 60 k points in the 
irreducible Brillouin zone, with appropriate weights, was used in the iterations for self-
consistency. The computational error for the valence charge was about 1.25 x 10
-3
 per electron. 
The self-consistent potentials converged to a difference around 10
-5
 between two consecutive 
iterations. 
With the LDA potential identified above and the computational details, we implemented the 
LCGO formalism following the BZW-EF method. Upon the attainment of absolute minima of 
the occupied energies, the optimal basis set was employed to produce the band structure of 
GaAs. The resulting eigenvalues and corresponding wave functions were utilized to calculate the 
total (DOS) and partial (pDOS) densities of states, as well as electron and hole effective masses. 
From the curve of the calculated total energy versus the lattice constant, we obtained the 
equilibrium lattice constant and the bulk modulus.  These results follow below, in Section III.     
 
III. Results  
We present below the successive calculations that led to the absolute minima of the occupied 
energies for GaAs. Then, we discuss the electronic energy bands resulting from the calculation 
with the optimal basis set. We subsequently show the total (DOS) and partial (pDOS) densities 
of states and effective masses derived from the energy bands. The last results to be discussed 
pertain to the total energy curve, the equilibrium lattice constant, and the bulk modulus.   We 
show, in Table II below, the successive calculations with increasing basis sets, along with the 
applicable orbitals and calculated band gaps. The occupied energies obtained by Calculations III, 
IV, and V are identical. Hence, Calculation III provides the DFT description of GaAs. 
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Calculation 
Number 
Gallium Orbitals  
for Ga
1+
 
Orbitals for As
1-
 
 
No. of Wave 
Functions 
Band Gap  
in eV 
Calc. I 3s
2
3p
6
3d
10
4s
2
4p
0
 3s
2
3p
6
3d
10
4s
2
4p
4
 52 1.380 
Calc. II 3s
2
3p
6
3d
10
4s
2
4p
0
4d
0
 3s
2
3p
6
3d
10
4s
2
4p
4
 62 1.368 
Calc. III 3s
2
3p
6
3d
10
4s
2
4p
0
4d
0
  3s
2
3p
6
3d
10
4s
2
4p
4
4d
0 
72 1.429 
Calc. IV 3s
2
3p
6
3d
10
4s
2
4p
0
4d
0
5s
0 
3s
2
3p
6
3d
10
4s
2
4p
4
4d
0
 74 1.270 
Calc. V 3s
2
3p
6
3d
10
4s
2
4p
0
4d
0
5s
0 
3s
2
3p
6
3d
10
4s
2
4p
4
4d
0
5s
0 
76 1.238 
 
The calculated band structure of GaAs, from Calculation III, is shown in Figure 1. As per the 
explanations provided in the method section, the superposition of the occupied energies from 
Calculations III, IV, and V signifies that the absolute minima of the occupied energies are 
reached in Calculation III whose corresponding basis set is the optimal basis set. The calculated, 
direct band gap at the Г point is 1.429 eV (≈ 1.43 eV). This value is in excellent agreement with 
the accepted value for the room temperature experimental band gap of GaAs, i.e., 1.42-1.43 eV.  
This agreement is in stark contrast with the case of most previous, calculated band gaps in Table 
I.  
Figures 2 and 3 show the total (DOS) and partial (pDOS) densities of states obtained from the 
bands resulting from Calculation III. Several features of our calculated density of states (DOS)  
are close or the same as  those of experimental densities of states  from   X-ray photoemission 
spectroscopy measurements.
57
 According to Fig. 14 in the article by  Ley et al.,
57
   the peak 
positions of HIT, PII, and PIII correspond to the binding energies of 1.0 eV, 6.6 eV, and 11.4eV, 
respectively. From our calculations, the corresponding values are 1.0 eV, 6.4 eV, and 11.0 eV, 
respectively. The labels of the peaks are as reported by Ley et al.
57 
As per our calculated pDOS 
in Fig. 3, the lowest lying group of valence bands is entirely from Ga d, while the middle group 
consists mostly of As s with faint contributions from Ga s and Ga p. The upper most group of 
valence bands is clearly dominated by As p, with a significant overlap with Ga s and a smaller 
contribution from Ga p.  
We provide in Table III the calculated, electronic energies between -18 eV and about 10 eV, at 
high symmetry points in the Brillouin zone. The content of this table is partly intended to enable 
accurate comparisons with future, experimental measurements from X-ray, ultra violet (UV) or 
other spectroscopies. From this content, the widths of the upper most, middle, and lower most 
groups of valence bands are 6.58 eV, 2.494 eV, and 0.203 eV, respectively. The total width of 
the valence band is 15.903 eV.  
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Figure 1. Calculated, electronic bands of GaAs, as obtained from Calculation III. The calculated, 
direct band gap, at Г, is 1.429 eV. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Total density of states of GaAs, obtained from the energy bands in Figure 1. The zero 
on the horizontal axis indicates the position of the Fermi level. 
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Figure 3. Calculated, partial densities of states (pDOS) for GaAs, as derived from the bands 
from Calculation III, as shown in Fig. 1. 
 
 
 
 
 
 
  
 
 
Table III. Calculated, electronic energies of GaAs at high symmetry points in the Brillouin 
Zone, as obtained with the optimal basis set of Calculation III. We used the experimental lattice 
constant of 5.65325Å. This table is to enable comparisons with future room temperature, 
experimental and theoretical results. 
 
L-point Γ-point X-point K-point 
9.593 4.164 10.772 8.642 
5.248 4.164 10.772 8.590 
5.248 4.164 2.429 5.320 
1.646 1.429 2.336 2.769 
-1.095 0 -2.572 -2.150 
-1.095 0 -2.572 -3.601 
-6.370 0 -6.582 -6.379 
-10.697 -12.439 -9.945 -9.987 
-15.710 -15.711 -15.700 -15.705 
-15.710 -15.711 -15.731 -15.722 
-15.802 -15.821 -15.778 -15.783 
-15.802 -15.821 -15.778 -15.786 
-15.870 -15.821 -15.903 -15.891 
 
We calculated the effective masses of n-type carriers for GaAs, using the electronic structure 
from Calculation III (in Fig.1), i.e., the vicinity of the conduction band minimum at the Г point. 
In Table IV, we show our results along with several, previous theoretical and experimental ones. 
Experimental electron effective masses are directionally averaged. Our results are comparable 
with those from measurement. 
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Table IV. Calculated, effective masses for GaAs (in units of the free electron-mass, m0) : me 
indicates an electron effective mass at the bottom of the conduction band ; mhh, and mlh represent 
the heavy and light hole effective masses, respectively. Theo = theory, Expt = experiment. 
 Our 
Work 
Theo
a
  
EPM 
Theo
b 
 
Theo
c 
Theo
d 
Expt
e
 
Room T 
Expt
f
 
Room T 
me (Г-L) 0.077 0.066 0.012 0.070  0.063 0.0635 
me (Г-X) 0.077 0.030 
me (Г-K) 0.078  
        
mhh (Г-L) 0.865 0.866  0.827  0.50 0.643 
mhh (Г-X) 0.359 0.342  0.334 0.320 
mhh (Г-K) 0.516     
        
mlh (Г-L) 0.062   0.056  0.076 0.081 
mlh (Г-X) 0.076 0.093  0.068 0.036 
mlh (Г-K) 0.070     
a
Reference[47],
b
Reference[14],
C
Reference[29], 
d
Reference[23], 
e
Reference[56],
f
Reference[5] 
Figure 4. The calculated, total energy of GaAs versus the lattice constant. The minimum total 
energy is located at 5.632 Å, our predicted equilibrium lattice constant.  
 
 
 
 
 
 
 
 
Our calculations predicted the equilibrium lattice constant to be 5.632 Å. The calculated, direct 
band gap, at the equilibrium lattice constant, is 1.520 eV, at the Г point.  This result of 1.520 eV 
is in excellent agreement with the low temperature experimental value of 1.519 eV, reported by 
four different, experimental groups.
6, 8-10
  Our calculated bulk modulus of 75.49 GPa also agrees 
with  the experimental values of 75.5 and 74.7 GPa.
56, 58
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IV. Discussions 
From our overview of the literature and the content of Table I, the band gap of GaAs, a 
prototypical semiconductor, was systematically underestimated by first principle, self-consistent 
calculations that utilized ab-initio LDA or GGA potentials.  Unlike these previous results, our 
calculated, direct band gaps of 1.429 eV and 1.520 eV, for room and low temperatures, 
respectively, are in excellent agreement with corresponding, experimental ones. As shown in the 
section on results, the locations of several peaks in the calculated, total valence density of states 
practically agree with corresponding experimental ones. This latter agreement strongly indicates 
that our calculated band gap values are not fortuitous. Additionally, our calculated effective 
masses are close to corresponding, available, experimental ones, like some previous, theoretical 
results. A detailed comparison of the calculated, effective masses with experimental ones is 
partly hindered by the unavailability of directional, effective masses; most experiments reported 
averaged values.   
Our explanation of the excellent agreements noted above rests on the fact that our calculations, 
with the BZW-EF method, strictly adhered to necessary conditions
16
 for their results to have the 
physical content of DFT. A careful perusal of the articles reporting the previous results in Table I 
found no indication that the pertinent calculations searched for and verifiably attained the 
absolute minima of the occupied energies. Without this explicit attainment, the results cannot be 
expected to possess the full physical content of DFT.
16
  The BZW-EF method invokes the 
Rayleigh theorem for the selection of the optimal basis set out of several others that lead to the 
same occupied energies; the smallest of these basis sets, the optimal basis set, is complete for the 
description of the ground state and is not over-complete, like much larger ones that include it. 
Different over-complete basis sets containing the optimal one are expected to lead to different 
underestimated values of the measured band gap.   
V. Conclusion 
We performed ab-initio, self-consistent calculations of electronic, transport, and bulk properties 
of GaAs. Our results, unlike those of many previous ab-initio calculations, agree very well with 
experiment, for the band gaps, the total density of states, and the bulk modulus; they also agree 
with experiment for the effective masses, where the latter are inversely related to the mobility of 
charge carriers.  We credit our strict adherence to conditions of validity for DFT or LDA 
potentials, with our implementation of the BZW-EF method, for the above agreements between 
our calculated results and experimental ones.  
 
Acknowledgments 
This research was funded by the Malian Ministry of Higher Education and Scientific Research, 
through the Training of Trainers Program (TTP), the US National Science Foundation [NSF, 
 
 
13 
 
Award Nos. EPS-1003897, NSF (2010-2015)-RII-SUBR, and HRD-1002541], the US 
Department of Energy, National Nuclear Security Administration (NNSA, Award No. DE-
NA0002630), and LONI-SUBR. 
 
References 
1
T. Skauli, et al., Improved dispersion relations foe  GaAs and applications to nonlinear optics. 
JOURNALOF APPLIED PHYSICS, Vol 94, 6447-6455(2003). 
2
X. You, and R. Zhou, Electronic Structure and Optical Properties of GaAs1-xBix Alloy. 
Advances in Condensed Matter Physics, Vol 2014, 2014. 
3
L. Ivanova, et al., Direct measurement and analysis of the conduction band density of states in 
diluted GaAs1-xNxalloys. PHYSICAL REVIEW B, Vol 82, 161201(2010) . 
4
Y. Dong, et al., Band offsets of InGa/GaAs Heterojunction by Scanning Tunneling Spectrocopy. 
JOURNAL OF APPLIED PHYSICS, Vol 103, 073704 (2008). 
5
M. Hjort, et al., Direct Imaging of Atomic Scale Structure and Electronic Properties of GaAs 
Wurtzite and Zinc Blende Nanowire Surfaces. Nano Letters, Vol 13, 4492-4498 (2013) . 
6
P. Kusch, et al., Band gap of wurtzite GaAs: A resonant Raman study. PHYSICAL REVIEW B, 
Vol 86, 075317(2012). 
7
I. Zardo, et al., Pressure Tuning of the Optical Properties of GaAs Nanowires ACS NANO, Vol 
6, 3284-3291 (2012). 
8
J. Shah, R.F. Leheny, and W. Wiegmann, Low-temperature absorption spectrum in GaAs in the 
presence of optical pumping. PHYSICAL REVIEW B, Vol 16, 1577-1580 (1977). 
9
C. Wetzel, B.K. Meyer, and P. Omling, Electron effective mass in direct-band-gap GaAs1-xPx 
alloys. PHYSICAL REVIEW B, Vol 47, 15588-15592(1993). 
10
Kyu-Seok Lee, and El-Hang Lee, Optical Determination of the Heavy-hole Effective Mass of 
(In, Ga)As/GaAs Quantum Wells. ETRI Journal, Vol 17, 13-24 (1996). 
11
S. Adachi, Properties of Group-IV, III-V and II-VI Semiconductors. New York: Wiley-VCH), 
2005.  
12
Wei S. H., and A. Zunger, Predicted band-gap pressure coefficients of all diamond and zinc-
blende semiconductors: chemical trends. PHYSICAL REVIEW B, Vol 60, 5404-5411 
(1999). 
13
F. El-Mellouhi, and N. Mousseau, Self-vacancies in gallium arsenide: An ab initio calculation. 
PHYSICAL REVIEW B, Vol 71, 125207 (2005). 
14
N. E. Christensen, Electronic structure of GaAs under strain. PHYSICAL REVIEW B, Vol 30, 
5753-5765 (1984) . 
15
H. Bao, and X. Ruan, Ab initio calculations of thermal radiative properties: The semiconductor 
GaAs. Inetrnational Journal of Heat and Mass Transfer, Vol 53, 1308-1312 (2010). 
16
D. Bagayoko, Understanding density functional theory (DFT) and completing it in practice. 
AIP ADVANCES, Vol 4, 127104 (2014). 
17
D. Koller, F. Tran, and P. Blaha, Phys. Rev. B83, 195134(2011). 
18
H. Jiang, J. Chem. Phys., Vol 138, 134115 (2013). 
 
 
14 
 
19
N.N. Anua, et al., Non-local exchange correlation functionals impact on the structural, 
electronic and optical properties of III-V arsenides. Semicond. Sci. Technol, Vol 28, 
2013.  
20
M. I. ZIANE, et al., First-principal Study of Structural, Electronic and Optical Properties of 
III-arsenide Binary GaAs and InAs, and III-Nitride Binary GaN and InN: Improved 
Density-functional-theory Study. Sensors & transducers, Vol 27, 374-384 (2014). 
21
R. Ahmed, et al., Ab initio study of structural and electronic properties of III-arsenide binary 
compounds. Computational Materials Science, Vol 39, 580-586 (2007). 
22
L. Yu, et al., First Principles Study on Electronic Structure and Optical Properties of Ternary 
GaAs: Bi Alloy. Materials, Vol 5, 2486-2497 (2012). 
23
Yoon-Suk  Kim, et al., Towards efficient band structure and effective mass calculations for III-
V direct band-gap semiconductors. PHYSICAL REVIEW B, Vol 82, 205212 (2010). 
24
Z. Zanolli, et al., Model GW band structure of InAs and GaAs in the wurtzite phase. 
PHYSICAL REVIEW B, Vol 75, 245121 (2007). 
25
J. P. Perdew, and A. Zunger, Self-interaction correction to density-fonctional approximations 
for many-electron systems. PHYSICAL REVIEW B, Vol 23, 5048-5079 (1981). 
26
J. P. Perdew, and M. Levy, Physical Content of the Exact Kohn-Sham Orbital Energies: Band 
Gabs and Derivative Discontinuities. PHYSICAL REVIEW LETTERS, Vol 51, 1884-
1887 (1983) . 
27
L. J. Sham, and M. Schlüter, Density-Functional Theory of the Energy Gap. PHYSICAL 
REVIEW LETTERS, Vol 51, 1888-1891 (1983). 
28
L. J. Sham, and M. Schlüter, Density-functional theory of the band gap. PHYSICAL REVIEW 
B, Vol 32, 3883-3889 (1985). 
29
C. S. Wang, and B.M. Klein, First-principle electronic structure of Si, Ge, GaP, GaAs, ZnS, 
and ZnSe. PHYSICAL REVIEW B, Vol 24, 3393-3416 (1981). 
30
G. L. W. Hart, and Alex Zunger, Electronic structure of BAs and boride III-V alloys. 
PHYSICAL 
31
G. Zolo, and R.M. Nieminen, Small self-interstitial cluster in GaAs. J. Phys.:Condens. Matter, 
Vol 15, 2003.  
32
K. Laasonen, R.M. Nieminen, and M.J. Puska, First-principles study of fully relaxed vacancies 
in GaAs. PHYSICAL REVIEW B, Vol 45, 4122-4130 (1992). 
33
W.Orellana, and  A.C. Ferraz, Stability and electronic structure of hydrogen-nitrogen 
complexes in GaAs. APPLIED PHYSICS LETTERS, Vol 81, 3816-3818 (2002). 
34
W. Orellana, and A.C. Ferraz, Ab initio study of substitutional nitrogen in GaAs. APPLIED 
PHYSICS LETTERS, Vol 78, 1231-1233 (2001). 
35
M.Z. Huang, and W. Ching, A minimal basis semi-ab initio approach to the band structures of 
semiconductors. J. Phys. Chem. Solids, Vol 46, 977-995 (1985). 
36
Hellwege K., and Madelung O., Physics of group Iv Elements and III-V Compounds. Landolt-
Bornstein New Series, Vol 17a, 1982. 
37
B. I. Min, S. Massidda, and A. J. Freeman, Structural and electronic properties of bulk GaAs, 
bulk AlAs, and the (GaAs)1(AlAs)1 superlattice. PHYSICAL REVIEW B, Vol 38, 1970-
1977 (1988). 
38
Wentzcovitch R. M., et al., X1 AND X3 STATES OF ELECTRONS AND PHONONS IN 
ZINCBLENDE TYPE SEMICONDUCTORS. Solid State Communications, Vol 67, 927-
930 (1988). 
 
 
15 
 
39
P. Dufek, P. Blaha, and K. Schwarz, Applications of Engel and Vosko's generalized gradient 
approximation in solids. PHYSICAL REVIEW B, Vol 50, 7279-7283 (1994). 
 
40
M. Causa, R. Dovesi, and C. Roetti, Pseudopotential Hartree-Fock study of seventeen III-V 
and IV-IV semiconductors. PHYSICAL REVIEW B, Vol 43, 11937-11943 (1991). 
41
Rushton P. P., S. J. Clark, and D. J. Tozer, Density-functional calculations of semiconductor 
properties using a semiempirical exchange-correlation functional. PHYSICAL REVIEW 
B, Vol 63, 115206 (2001). 
42
A. Stroppa, and M. Peressi, Composition and strain dependence of band offsets at metamorphic 
Inx Ga1–x As/InyAl1–y As heterostructures PHYSICAL REVIEW B, Vol 71, 205303(2005). 
43
Wei-Feng Sun, , et al., First-principles elctronic structure study of InxGa1-xAs nanotubes and 
InAs/GaAs nanotube superlattices. Superlattices and Microstructures, Vol 60, 29-39 
(2013). 
44
F. Tran, and P. Blaha, Accurate Band Gaps of Semiconductors and Insulators with a Semilocal 
Exchange-Correlation Potential. PHYSICAL REVIEW LETTERS, Vol 102, 226401 
(2009). 
45
Guo-Xin Qian, R. M. Martin, and D. J. Chadi, First-principles calculations of atomic and 
electronic structure of the GaAs(110) surface. PHYSICAL REVIEW B, Vol 37, 1303-
1307 (1988). 
46
Khalid H. B. Al-Ammar, H. R. Jappor, and F.S. Hashim, Electronic structure of Gallium 
Arsenide under pressure. Anno LXVII, 287-298 (2012). 
47
A. J. Williamson, L. W. Wang, and A. Zunger, Theoretical interpretation of the experimental 
electronic structure of lens-shaped self-assembled InAs/GaAs quantum dots. PHYSICAL 
REVIEW B, Vol 62, 12963-12977 (2000). 
48
J. R. Chelikowsky, and M.L. Cohen, Electronic structure of GaAs. PHYSICAL REVIEW 
LETTERS, Vol 32, 674-677 (1974). 
49
J. R. Chelikowsky, and M.L. Cohen, Nonlocal pseudopotential calculations for the electronic 
structure of eleven diamond and zinc-blende semiconductors. PHYSICAL REVIEW B, 
Vol 14, 556-582 (1976). 
50
M. Ruff, et al., Polarization dependence of the electroabsorption in low-temperature grown 
GaAs for above band-gap energies. APPLIED PHYSICS LETTERS, Vol 68, 2968-2970 
(1996). 
51
D. BOIS, ETUDE EXPERIMENTALE DE LA RELAXATION DE RESEAU DES CENTRES 
PROFONDS DANS GaAs. Journal de physique, Vol 35, C3-241-246 (1974). 
52
D. M. Ceperley, and B.J. Alder, Ground State of Electron Gas by a Stochastic Method. 
PHYSICAL REVIEW LETTERS, Vol 45, 566-569 (1980). 
53
S. H. Vosko, L. Wilk, and M. Nusair, Accurate spin-dependent electron liquid correlation 
energies for local spin density calculations: a critical analysis. Can. J. Phys., Vol 58, 
1200-1211 (1980). 
54
C. E. Ekuma, et al., Re-examining the electronic structure of germanium: A first-principle 
study. Physics Letters A, Vol 377, 2172-2176 (2013). 
55
L. Franklin, et al., Density functional theory description of electronic properties of wurtzite 
zinc oxide. Journal of Physics and Chemistry of Solids, Vol 74, 729-736 (2013). 
56
J. S. Blakemore, Semiconducting and other properties of gallium arsenide. JOURNAL OF 
APPLIED PHYSICS, Vol 53, R123-R181 (1982). 
 
 
16 
 
57
L. Ley, et al., Total valence-band densities of states of III-V and II-VI compounds from x-ray 
photoemission spectroscopy. PHYSICAL REVIEW B, Vol 9, 600-621 (1974). 
58
Madelung O., and Landolt-Börnstein, Semiconductor, Physics of II-IV and I-VII Compounds, 
Semimagnetic Semiconductors. New Series, Group III, (Springer, Berlin, 1982), Vol 17, 
1982.  
 
 
 
 
 
 
 
 
 
 
 
